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experiments. Committee members were instrumental in securing passage of the Air
Commerce Act of 1926, which created the Bureau of Air Commerce and allowed
NACA to focus on the primary task of aeronautical research.

Equipping a research laboratory from scratch proved a much more
difficult task than changing the committee’s name or clarifying its mission.
Aerodynamic testing of sorts had been performed by experimenters in the 1700s and
even earlier, and mechanisms crudely resembling the modern wind tunnel were in use
in the mid-1800s. At the start of the twentieth century. the wind tunnel was still the
primary tool for aerodynamies research, but only two such facilities existed in the
United States — the Wright brothers’ tunnel in Dayton, Ohio, and one built at
Catholic University in Washington, D.C. The NACA staff had a lot to learn before
they could even start acquiring an experimental capability. They learned quickly,
initially benefiting from European experience, and by 1920 the Langley Laboratory
had a rudimentary 5-foot-diameter wind tunnel operating.

It was recognized that the use of compressed rather than ambient air
in small-scale model testing could provide a more accurate representation of full-scale
flow conditions (higher Reynolds number). By 1923 a revolutionary variable-density
tunnel (VDT) had bheen built. Although shut down for over three years because of
fire damage in 1927, the VDT by 1933 had made a major research contribution in the
form of systematic and comprehensive aerodynamic data on a series of 78 airfoil sec-
tions. These data and subsequent similar airfoil research documented the effects of
varying parameters such as shape, thickness, and curvature (camber). Designers
could now select the airfoils most suitable for specified performance objectives and
could determine how best to accommodate structural thickness requirements and

other practical design constraints.
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The agency was now developing a solid base of theoretical capability,

which both guided and complemented the wind tunnel tests. By the late 1930s, sever-
al series of NACA airfoils had been developed, offering significantly increased lift and
reduced drag. At the same time, improved theoretical methods had been developed
for calculating the airflow and pressure distribution over a given wing and, more
importantly, for defining an airfoil shape to produce a desired pressure distribution.

As often happens in research, serendipity played a significant role in
several of the early accomplishments. One of the first published NACA reports con-
tained small-scale propeller test results which, when compared with flight data,
showed poor correlation. It was decided to construct a special Propeller Research
Tunnel (PRT). large enough so that actual propellers could be tested, along with the
actual engines and fuselages. The PRT became operational in mid-1927 and pro-
duced not only the desired propeller research capability but some unexpected and
extremely important bonuses as well.

One PRT research discovery was that landing gears accounted for as
much as 40 percent of the fuselage drag — a finding that quickly led designers to
develop retractable landing gears. Another was that multiengine aircraft perfor-
mance was improved by placement of the nacelles in the line of the wing chord plane,
as was done shortly thereafter in design of the DC-3, B-17, and B-24 aircraft.

The best-remembered achievement in this period, of course, was the
discovery that a streamlined cowling covering the air-cooled engine cylinders dramat-
ically reduced the drag of the cylinders and their cooling fins, which previously had
contributed almost one-third of the fuselage drag. Moreover, with properly designed
internal flow provisions, the engine cooling was actually better with the cowling than

with the exposed cylinders. The NACA cowling was first reported in late 1928, less
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heads, lapped joints, surface gaps and air leaks, and a variety of other design and

manufacturing details. were isolated and reduced. NACA research was credited with

having made possible the Navy's development of the first aircraft capable of vertical

dive bombing.

Throughout the war, military designs were constantly brought to the

laboratories for test and evaluation and for resolution of technical problems encoun-

tered in development or service. Between 1941 and 1945, NACA wind-tunnel, tow-

ing-tank, and flight tests were conducted on more than 100 military aircraft. Many of

the findings were reflected almost immediately in design changes; others provided a

basis for improvement in subsequent versions.

18

Examples of NACA/industry wartime R&D accomplishments include:

Important improvements in combat aircraft lateral control were made by
reduction of aileron control forces on the P-47, P-51, P-63. and A-26 airplanes
through application of differential linkages, control balance devices, and ser-
votabs. Similar balance devices were also used to reduce bomber longitudinal

control forces.

A kit to correct P-51 high-speed directional control deficiencies by field instal-
lation of a dorsal fin and improved rudder tab linkage was developed and was

delivered in time for installation prior to the Normandy invasion.

Vertical tail redesign cured directional instability on the BT2D-1 torpedo
bomber, and wing planform modifications eliminated serious lateral stability

and control deficiencies on the XBT2C-1 torpedo bomber.
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PB2Y flying boat hull redesign produced improvements in hydrodynamic per-

formance, stability, and spray suppression and resulted in a fourfold increase
in payload for long-range missions. Similar improvements made possible a 50-
percent increase in maximum takeoff weight capability for the PBM-3

Mariner.

Research on emergency water landings of land-based combat aircraft resulted
in increased crew survivability through development of optimum ditching tech-
niques for a variety of aircraft and a structural reinforcement kit for the B-24

Liberator.

Development of dive recovery flaps for the P-38, P-47, and A-26 (and later the
experimental P-59 jet aircraft) provided a necessary interim fix for the newly
encountered compressibility induced problems of control loss and tail failures

in high-speed dives.

Redesign of the P-51B Mustang belly scoop cured high-speed flow instability
which was so serious that production had been halted. Modifications to the
P-63 Kingcobra scoop resulted in significant improvement in high-speed

performance.
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Nt al! of the aircraft
designs studied
during the World
War | years became
operational. but
some design fea-
tures presaged sub-
sequent develop-
ments. Unpsuat

¢ designs tested

included:

Atllying-wing
bomber—(Northeop
XB-35) (top), a
canard fighter—
{Curtiss-Wright XP-
55 "Ascender”)
{middie), and a
fow-aspect-ratio
prototype (V-173)
{battom) of the
experimental
Vought-Sikorsky
XF5U-1 develop-
ment.

g

e,

278846

ORIGINAL PAGE

Q1 ASK ANDY WWLHTE DN TAAS A .



£¢ G- —

JONd TYNIDIaC

Py o 3 TP IR

{wiojjoq)
18)461 Bum-jdams
-piemio) jendasuod

e pue (doy)
(96-dx dosynoN)
18146y ssayiier y

Loy n oW



veesadg




G¢

12 ORI YOIBISIY 1JRIDITY SSI[IO[L] B JO GG Ul JUIWYST[qRISI JueLiem o} wp:.mm::wu&
Anuetoyyyns punoj sem yorvoadde epow pajjadoad-10y00a sy g,
‘adoany ut pue yyyN 18 Apuap
-uadapur padoasap Em:.« poads-ysy 1oy SaL103Y} Sum-1doms Fudiswa ayy 0) aane
-[oa BYRp _Ezw_:i.:_x@ 154 s ¥O)¥N peopracad 1dasuos ppow pajunow-3um oy ], ‘uon
-els SUIYOUNE] [RISBO) B WOIJ BIs 0} INO Pally a1am s[apowr pafodoad-1oy0a pue ipou
-uny puta e ul sdung pasds, | uo 10 Sum aurpdare ue jo aoejans aaddn ayy wo st ey
—mo[) peads-yIiy paziroo] Jo seale Ul PIJUNOW 213M S[OPOU [[BULS :1JBIIAIE JpnIn[e
-ySry wouay paddoap suem sstpoq Fuif[ej-saay paiuswnaisu] sunssy owosaadns pue
sosued} o0} sayoeoadde saneuasye snotwsiur jo aaqumu e paardsur yoseasar paads
-YITY U1 152093UT JY] *SSIA[AYIIIAIN] “I[B[IBAR 134 10U 3IaM “patapisuod Jureq ySnoylye
‘saniroej puuny puim paads-ysy pasoadwy -juswrradxa uo juapuadap Aysiy
[[Us 319m saayIRIsaT Inq ‘pansand Jureq d1am sayoroadde [eonalosy) oosuesy pue
nuosaadng gy owosaadns [eonorad sem [eof mou dolew y
‘A]2au09))0 pue Apjotnb pasow 11 ‘ureSe asuo *puy ‘sedusjeyd
YDIBISIL Mal 9 Jo awos 031 103dsax yim apowr  dn-yoreo,, v ut urede souo sem Louafe
3y} ‘yusaa e sy -sjuowasoxdwr wirel-1eau pue Juswdojaaap 01 {panus jsoure parpdde
uaaq A[L1BSS900U PEY YIMOJZ JWILIBM 9y} PUB ‘PN Uadq PBY SIMI[IDR] pue Jyeis
aem-aad oyy ‘syuswaastyoe L1aes aarsssadunt s yyyN 2udsa(q
-adoany ut apew udaq Apeaae
pey ssaadoad apqeaapisuod yoym ut ‘saddooray pue ‘sotweudporsr suostadus ‘uos
-Indoad 1af se yons ‘seare mou Fustwoad Jo _qunu e 03 sjuapel Yyl Adde o1 1odro
2I9M SIIYDIBASAL Y} PUR “IBS[0 aIam AOUSDIJe pue ‘A319)es ‘adurmiopsad ur saswaIour
Fumunuod jo sigousq ay], ‘uouellodsue.d) Jre [IA) 0] UOLIUDIIE PIMIUIT 10) pur LFo
-[0UY3] [BOIINBUOIIE UL S30URAPR Jaylany a0 snjadut ue papraoxd ‘yoressar ownaem

ﬁuuﬂkw—wuvﬁ QY1 JOo sjnsad 3Iyjy pue ‘aem al Jo pu9 3y

SIBAIL dJBMN-1S0J 924 ]

2

051304y




VRN AV T O

ORIGHNAL FAGEL .
BLACK AND WHITE PHOTOGRAPH

Wallops Island off the Virginia coast. The rocket-model research provided limited

but otherwise unobtainable high-speed aerodynamic data. Perhaps more important-
ly, the efforts devoted to test vehicle and launch vehicle development, launch opera-
tions, guidance and control, and telemetry provided valuable precursor experience
for later missile and space activities.

The intense interest in high-speed flight phenomena also led to

the well-known “X-airplane” programs, in which experimental aircraft were designed
and built specifically for transonic and supersonic flight research. With strong sup-
port from the military, and effective industry participation, these programs were
highly successful. They accomplished the desired research, further verified the
swept-wing and delta-wing concepts. and made it possible not only to “break the
sound barrier” but also subsequently to develop entirely new families of military and
civil aircraft. Moreover, they demonstrated the value of piloted flight research in the

exploration of new flight regimes. concepts, and environments.

Flight testing was, and remains, an integral element of the

26
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The first of the X-
airerait series gt
research vehicles,
the NACA/Air Force
X-1 {originaily
XS+1) {iop). per-
formed pianeering
supersonic flights
1o Mach 1.5 in late
1947 and early
1948, NACA Navy
D-558-2 {bottom),
begame the first air-
plane to fly at1

the ‘speed of sound,
reaching Mach 2 in
Novernber 1953
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gh-bypass fans used in today’s commercial turbofan engines. And

pressors and hig

high-speed research on ballistic missile re-entry problems produced the blunt-body
concept, which later became the basis for design of the Mercury. Gemini, and Apollo
entry vehicles.

Although high-speed flight was a primary interest following
World War IIL. it was by no means the sole foeus of NACA aeronautical research. At
the low end of the speed spectrum, a strong helicopter research capability was devel-
oped, resulting in significant advances in helicopter performance, stability, control.
and structural dynamics. Earlier research devoted to aircraft flving qualities criteria
was resumed, and provided a data base for design and a technical foundation for
both military specifications and civil certification standards. The flying qualities
research was expanded to incorporate helicopters and vertical or short takeoff and
landing vehicles (V/STOL). A variety of new VTOL and STOL concepts were
explored, providing a basis for the development of experimental and operational

V/STOL vehicles several decades later.

35 —
Research Aircraft
30 —
25 —

20 — Prototype Fighters

Service Fighters

Mach No

05 —

00 L | | | | | | | | | | | I |
1946 47 48 49 50 51 52 53 . o 95 56 57 58

Year
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Researchers were only beginning to solve the problems of super-

sonic flight. At the same time, however, because of the growing importance of ballis-
tic missiles and the possibilities of space flight, it became necessary to enlarge the
research envelope even further and investigate the hypersonic-speed regime. Existing
facilities were inadequate for hypersonic testing, particularly with respect to aerody-
namic heating. After considerable study and discussion, it was agreed in late 1954 to
use the exploratory flight research approach successfully employed in the X-aircraft
programs.

The X-15 hypersonic research aircraft program, initiated in
1955 as a joint effort with the Air Force and the Navy, was a dominant element of
NACA’s activity in the years immediately preceding the establishment of NASA.
When the first flight was made in 1959 NACA no longer existed, but the program was
even more timely in view of NASA’s much broader charter and responsibilities. The

X-15 flew successfully to speeds of slightly under Mach 7, at attitudes as high as 67

miles. It conducted the deserved aerodynamic, thermal, and structures research,

| 32
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provide technology for civil and military applications, as well as economies in nation-

al research.

The birth of the space age essentially coincided with the birth of
the modern jet age in civil aviation. The rapid growth in domestic and intercontinen-
tal air travel provided ample need and opportunity for advanced technology, and a
substantial portion of the NASA research program was devoted to air transportation

improvement. The supercritical airfoil technology generated during this period led to
carly speculation about a “Mach 1 transport” but instead sparked development of far
more efficient high-speed subsonic transports. Technology for low-noise fan design

and nacelle noise suppression, together with an extensive noise prediction data base.

provided a basis for establishment of, and compliance with. considerably more strin-

gent noise regulations. Pioneering propulsive-lift and tiltrotor research provided
foundations for future advances in short-haul civil transportation, congestion relief,
and military logistic transport systems, and numerous contributions were made to

safety in air transportation and general aviation.
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NASA supersonic transport research led to the U.S. 85T proto-
type program now. along with European and Russian efforts. generally viewed as
having been premature. That attempt, however, resulted in improved understanding
of problems such as environmental compatibility, sonic boom, community noise. and
performance economics. and helped define requirements for additional research on
those and similar issues. One valuable by-product of the S8T research was the devel-
opment and demonstration of advanced flight simulation capabilities as a primary
tool in the establishment of large transport aircraft handling qualities eertification
criteria.

The strong emphasis on transport-related technology during the
early NASA years did not diminish the Agency’s contributions to military aeronau-
tics. A series of design studies resulted in the definition of variable-sweep and fixed-
sweep advanced fighter concepts embodying features later incorporated in the F-14
and F-15 aircraft. Both programs benefited also from data bases and design
improvements developed in extensive NASA testing. Research conducted in coopera-
tion with the military explored several VTOL concepts for potential military mission
applications.

The start of the space programs had been made possible by an
initial base of technology, data, analytical techniques, test capabilities, and expertise

derived largely from aeronautical research. Conversely, the quality and scope of

38
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system, the first such system flown without mechanical control backup.

The increasing use of simulation in aeronautical research and
the departure from simple mechanical controls required additional expertise in relat-
ed areas such as displays. electronics, and human performance. Researchin controls
and guidance. flight systems, and human factors has grown considerably and is now a
major component of the aeronautics program. NASA was a major contributor to
development and adoption of the Microwave Landing System (MLS). Flight simula-
tion and flight testing validated curved approach feasibility and provided a basis for
system specifications, design criteria. and international agreement on the U.S. MLS
approach as the world standard.

The space programs can also be credited with accelerating the
pace of advances in computer development. Now, increasingly powerful computers

and supercomputers, and the analysts who employ them, have become an indispens-

an
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vated by fuel conservation concerns. It soon became apparent that. in addition to the
fuel savings, technology for aireraft and engine efficiency improvement could be of
great importance in worldwide competition for multibillion dollar air transport mar-
kets. The ACEE contract costs were shared with industry. In addition, recoupment
agreements were included in contracts for the Engine Component Improvement (FECI)
element of the program because of the near-term product improvement potential. In
view of the projected longer-term commercial benefits, the NASA effort also triggered
large additional industry research investments, which in some instances greatly
exceeded the NASA funding.

As anticipated, the ECI program produced engine component
technology for significantly improved performance and performance retention in
engine retrofits and new production. Subjects included fan blade improvement, tur-
bine aerodynamics, blade cooling seals, and active clearance. Applications appeared
as early as 1978 and are now evident in all modern transport engines. The longer-
term Energy Efficiency Engine (EEE) effort, completed in 1983, made possible a
much greater reduction in cruise fuel consumption and accelerated technology readi-
ness for incorporation in a new generation of fuel-efficient engines. EEC technologies
included compressor, fan, and turbine gas-path improvements, improved blading and
clearance control, and structural advances, and made possible a 15-percent reduc-
tion in cruise-specific fuel consumption.

The Advanced Turboprop Program (ATP) was directed at still
greater efficiency improvement for future turboprop-powered aircraft cruising at or
near jet transport speed. It culminated in successful testing of thin, swept-tip, multi-
bladed, high-speed single-rotation, as well as dual-rotation geared and ungeared ver-
sions. The advanced turboprop. or unducted fan, technology represents a potential-

ly important option for medium-range transports with fuel savings of 25 percent or
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more relative to equally advanced turbofan engines. To date, however, the technolo-
gy has not been incorporated in actual transport development. Research is continu-
ing, with additional emphasis on ultra-high-bypass ducted fans suitable for wing
pylon mounting on large, long-range aircraft.

The Energy Efficient Transport (EET) program focused on
aerodynamic and control concepts such as high-aspect-ratio, low-sweep superecritical

wing technology; new high-lift devices; propulsion/airframe integration: digital avion-
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Cockpit system and display research included improvements to Traffic Alert
and Collision Avoidance Systems (TCAS) and wind shear detection capability.
(One recent outgrowth of the research is a flat electroluminescent display

panel now used in U.S. Army tanks.)

Laboratory and flight research on the effects of lightning strikes resulted in
improved understanding of lightning encounters and avoidance, and the devel-
opment of new international “electromagnetic threat” standards for use in the

design of aircraft digital components and subsystems.

New ice protection concepts compatible with advanced transport propulsion

systems and structural materials were developed and tested.

Impressive progress has been made in computational fluid dynamies. CFD has

become an invaluable tool in the research programs. With various simplifying
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National Aero-Space Plane (NASP) program. Since then, support to NASP
has reinvigorated the hypersonic research activity, with several inactive facili-
ties restored to service and improvements being made to others. Various
hypersonic engine models have been investigated, and major advances have
been made in scramjet mixing and fuel injection techniques. Significant
advances have also been made in high-temperature materials and structural

concepts.

The National Transonic Facility was built to permit experimentation at full-
scale flight Reynolds number by testing in a super-cold (cryogenic) environ-

ment.

An aggressive revitalization program was initiated to update and modernize
critical wind tunnel facilities and supporting instrumentation and data

systems.

New instrumentation approaches were developed to improve wind tunnel accu-
racy by the introduction of nonintrusive sensors based on laser and thin-film

technologies and by new techniques for flow field visualization.

Innovative techniques such as adaptive walls and magnetic suspension, to elim-
inate wall effects and model support interference, were developed and success-

fully tested.

“Quiet” tunnel concepts for accurate experimentation on supersonic flow tran-

sition and turbulence phenomena were developed.
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. In addition to the discipline-oriented base research, major segments of the
programs are directed at clear objectives addressing defined civil and military

national needs.

Sparked by great enthusiasm and fascination with the challenge
of a new scientific endeavor. the pioneer rescarchers successfully overcame the disad-
vantages of small numbers and limited facilities. Because of their successes, aviation
today is not only far more advanced, but also considerably more complex.

In a field as dynamic as aeronautics, and with increasingly for-
midable international competition for huge world aviation markets, leadership can-
not be taken for granted. NASA has developed a strategy for aeronautical research
and technology during the remainder of this century and into the next which is direct-
ed at accomplishing national aeronautical R&D goals defined by the President’s
Office of Science and Technology Policy (OSTP). Six key thrusts have been identi-
fied, four related to future aeronautical development areas critical to national inter-
ests, and two to the all-important fandamental research and national research facili-
ties. Relevant programs either are already in progress or are included in future

plans.

Subsonic Transportation

The subsonic thrust is to develop selected high-leverage technologies and explore new
means to ensure the competitiveness of U.S. subsonic aircraft and to enhance the
safety and productivity of the National Aviation System. Objectives to be pursued in
cooperation with industry include technology for optimized wing concepts incorporat-

ing advanced high-lift systems and drag reduction techniques; highly reliable fly-by-
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light and power-by-wire flight systems; new cost-effective composite materials and
structural concepts; high-temperature materials and components for high-thermal-
efficiency core engines; and safe, economical, and environmentally acceptable opera-
tion of advanced rotorcraft in the National Aviation System.

Advances to enhance operating safety and productivity. to be
developed in cooperation with the FAA and industry. include technologies for air-
borne wind shear detection systems; minimization of icing and heavy rain effects;
advanced struetural inspection and life prediction methods: airborne and ground
measurements to enhance airport capacity and safety; and reduced airport communi-
ty noise through source noise reduction, engine/airframe integration, and flight pro-

cedures.

High-Speed Research

The high-speed research thrust is to resolve the critical environmental issues and
establish a technology foundation for economical high-speed civil transportation. At
present, the primary effort is on the three environmental concerns which must be
resolved before major high-speed civil transport decisions can be made: atmospheric
impact, airport/community noise, and sonic boom. The objective is to establish clear-
ly the environmental effects and the technology needed to ensure environmental com-
patibility and to identify and verify feasible, economical approaches for satisfying the
needs. The primary issues involve reduction of engine emissions to minimize effects
satisfactorily on stratospheric ozone and other atmospheric qualities, reduction of

noise to ensure compliance with the acoustic standards of today’s quietest subsonic
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Critical Disciplines

Successful pursuit of these directed efforts — or any new aeronautical endeavors that
may be undertaken in the future — will be heavily dependent on effective continuing
development of fundamental discipline technology, understanding, and methodolo-
gies. The critical discipline thrust is intended to pioneer the development of innova-
tive concepts and provide the physical understanding and the theoretical, experimen-
tal, and computational tools required for the efficient design and operation of
advanced aerospace systems.

Considerable emphasis is being placed on fundamental issues
such as boundary layer transition and turbulence, and materials behavior including
constitutive laws, failure mechanics, and life prediction. In addition to further devel-
opment and validation of the individual discipline technologies and analysis method-
ologies, the research programs include development and evaluation of multidiscipli-
nary methodologies and optimization techniques for design and analysis of complete
vehicle systems. They also include the development of ground-based and flight-test
techniques and measurement sciences for validation of single-discipline and multidis-

ciplinary predictive capabilities.

National Facilities
The national facilities thrust addresses the development, maintenance, and operation
of critical national facilities for aeronautical research and for support of industry,

DoD, and other NASA programs. The objectives include:

. Completion of the five-year Wind Tunnel Revitalization program intiated sev-
eral years ago to upgrade and modernize the major NASA wind tunnels and to

institute effective preventive maintenance measures.
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